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Amendments to the Drawings : 

The attached sheet of drawings includes changes to Figs. 24 
and 25. This sheet, which includes Figs. 23, 24 and 25, replaces 
the original sheet containing Figs. 23, 24 and 25. 

In Fig. 24, all of the second line, i.e., T 2 has been 
deleted. 

In Fig. 25, all of the second and third lines were deleted, 
i.e., T 2 and T 3 . 

Attachment: Replacement Sheet 

Annotated Sheet Showing Changes 
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REMARKS 

The Examiner is respectfully requested to approve the 
drawing, including the replacement drawings for FIGS. 24 and 25 
submitted concomitantly herewith. 

The specification was objected to under 35 USC 112, first 
paragraph, for the reasons set forth in item no. 1 at the top of 
page 2 o the Office Action. 

An amendment was made to page 33 (changing "magnetic poles 
28" to iron cores 22--) of the specification to avoid the 
aforesaid objection. It is considered that said amendment is an 
obvious correction of an obvious error, since the magnetic field 
generating device comprises a coil and an iron core. A pair of 
iron cores are depicted in applicants' Fig. 20. 

Withdrawal of the objection to the specification is 
respectfully requested. 

With respect to the above amendment to claim 1 involving 
"comprising a step of feeding molten steel into a mold thereby 
solidification of the molten steel proceeds, " please see "feeding 
molten steel to a mold" on page 10, line 9 of the specification. 
As for the terminology of the "solidification of the molten steel 
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proceeds' 7 that was added to claim 1, the terms "solidif ication 
interface" and "solidif ication nucleus" are described in line 2 
and line 6 of page 10 of the specification. 

The definition of "longitudinal direction" as recited in 
amended claim 1 is in accordance with the suggestion by the 
Examiner in item no. 2 on page 2 of the Office Action. The 
longitudinal direction is defined as b in FIG. 2 (see page 13, 
line 5 of the specification) . 

The explanation of "vibrating magnetic field" in amended 
claim 1 is based upon the explanation on page 21, lines 3 to 9 of 
the specification. Further, the amendment is clear from 
applicants' FIG. 30, in which the Lorentz forces of the adjacent 
magnetic poles are reversed to each other at a certain phase 
(e.g., 22.5° or 202.5°, in the enclosed marked-up copy of 
applicants' FIG. 30 entitled "Reference draft") . 

The arrangement of 0, n, 2n and n in amended claim 2 is 
disclosed in applicants' FIG. 17. 

Claim 4 was canceled hereinabove. Claims 5, 6, 11 to 15, 22 
and 26 were amended in view of the cancellation of claim 4. 

Claim 11 was amended to include the features of original 
claim 5. 
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Claims 12 and 13 were amended to include the features of 
original claim 6. 

Claims 1 to 27 were rejected under 35 USC 112, second 
paragraph, for the reason indicated in item no. 2 at the middle 
of page 2 of the Office Action. 

As discussed above, claim 2 was amended by following the 
Examiner's suggestion. 

Withdrawal of the 35 USC 112, second paragraph rejection is 
respectfully requested. 

The presently claimed invention is directed to a continuous 
steel casting method comprising feeding molten steel into a mold, 
whereby solidification of the molten steel proceeds, and 

controlling a flow of unsolidified molten steel in the mold 
by applying a vibrating magnetic field which is generated with an 
arrangement of at least three electromagnets disposed along a 
longitudinal direction of the mold, peak positions of the 
vibrating magnetic field are shifted along the longitudinal 
direction, wherein the longitudinal direction of the mold is a 
direction along the side face of the mold, wherein the vibrating 
magnetic field comprises a magnetic field in which the direction 
of an electromagnetic force acting on the molten steel between a 
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pair of two adjacent electromagnets is substantially opposite to 
that of the electromagnetic force acting on the molten steel 
between the adjacent pair of electromagnets. 

Claims 1 to 3, 8 to 10, 20, 21, 24 and 25 were rejected 
under 35 USC 103 as being unpatentable over EP 972 591 for the 
reasons set forth in item no. 5 on pages 3 to 4 of the Office 
Action . 

Claims 4 to 7, 11 to 19, 22, 23, 26 and 27 were rejected 
under 35 USC 103 as being unpatentable over EP 972 591 and 
further in view of USP 6,117,389 to Nabeshima et al . for the 
reasons set forth in item no. 6 on page 4 of the Office Action. 

In the "vibrating magnetic field" ([0011] indicated by the 
Examiner) disclosed in EP 972591, the electromagnetic forces in 
the same direction are applied on the molten steel along the 
longitudinal direction of the mold at a certain moment, as is 
clear from the paragraph number [0013] and FIG. 1 of this cited 
document. Specifically, in the magnetic field in EP 972591, only 
the directions of the electromagnetic forces are alternately 
reversed with time, and the directions of the electromagnetic 
forces are not alternately reversed depending upon the position 
of the mold in the longitudinal direction. 
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On the other hand, with regard to the vibrating magnetic 
field, according to applicants' present claims, the magnetic 
field including the relationship in which the electromagnetic 
force (i.e., Lorentz force) applied between certain two magnetic 
poles and the electromagnetic force applied to two magnetic poles 
that are adjacent to between the magnetic poles are reversed with 
respect to each other. The term "vibrating magnetic field" is 
used, as the same meaning, in the second paragraph in page 11 of 
the present specification as pointed out by the Examiner, and 
further, it is described in the last two sentences in the same 
paragraph that the phase difference between the adjacent 
electromagnets is set to set to be 180° or more in order to 
produce a vibrating magnetic field. 

Applicants' present claims thus represent an improvement of 
the above-mentioned vibrating magnetic field, and hence, it is 
not the one in which the phases difference between the 
electromagnets are symmetrically reversed (accordingly, 
applicants' present claims do not need the requirement of the 
phase difference being 180° or more) . Basically, applicants' 
present claims have, as one characteristic of the magnetic field, 
the reversal of the direction of the electromagnetic forces 
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depending upon the position of the longitudinal direction of the 
mold. 

The difference among a shifting magnetic field (general 
technique) , a vibrating magnetic field (defined in the 
specification of the subject application) and as "vibrating 
magnetic field in which a peak position is shifted" (recited in 
applicants' present claims) will be explained in detail below 
with reference to the examples in the present specification. 

Shifting magnetic field: FIG. 15 in the subject application 
illustrates the arrangement of magnetic poles producing a 
shifting magnetic field. This is further simplified and 
illustrated below. In this example, the phases difference 
allocated to the magnetic poles A to D are set to 0, n, 2n, and 
3n, with n = 90°. In this example, all of the phases differences 
between a certain magnetic pole and the magnetic pole adjacent to 
the magnetic pole at the right side are all n, and hence, the 
electromagnetic force a of the same direction (in the rightward 
direction here) is applied between each magnetic pole. The 
shifting magnetic field is a conventional basic technique, and it 
is difficult to cause a strong local stir at the interface of the 
solidification by this technique (when the electromagnetic force 
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is excessively increased, the entrainment of mold powders due to 
a macroscopic flow is caused) . 

Vibrating magnetic field (basic form) : FIG. 16 in the 
subject application illustrates the arrangement of magnetic poles 
producing a vibrating magnetic field. This is further simplified 
and illustrated below. In this arrangement, 0 and 2n are 
repeated with n = 90°. Since the phase differences between a 
certain magnetic pole and the magnetic pole adjacent to the 
magnetic pole at the right side are reversed such as 2n and -2n, 
the electromagnetic forces bl and b2 in the reverse direction are 
applied respectively between the magnetic poles A and B and the 
magnetic poles B and C as for the Lorentz force. The basic 
vibrating magnetic field is excellent in the stirring force, but 
the area X where the stirring force is not so applied is present 
as is understood from the attached marked-up copy of applicants' 
FIG. 30 (see page 18, lines 8 to 18 of the present 
specification) . 

Vibrating magnetic field in which peak position is shifted: 
Figs. 17 and 18 of the subject application illustrate the 
arrangement of the magnetic poles for producing the vibrating 
magnetic field in which the peak position is shifted. This is 
further simplified and illustrated below. 
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In this example, the phases allocated to the magnetic poles 
A to D are set to 0, n, 2n and n with n = 90°. Among the 
magnetic poles A to C, the rightward electromagnetic forces cl 
and c2 are successively applied in accordance with the phase 
difference n, while the leftward electromagnetic force c3 is 
applied between the magnetic poles C to D, since the phase 
difference is -n. However, different from the basic vibrating 
magnetic field, the rightward electromagnetic force and the 
leftward electromagnetic force are not equal to each other, 
whereby the peak position of the vibration is not determined to 
be one position, but shifted rightward where a stronger force is 
applied as a whole. Therefore, the portion where the stirring 
force is weak (the valley between the peaks) is also not fixed 
but shifted, so that a strong stirring force is applied to the 
whole surface of the mold in the longitudinal direction. 

In the example of FIG. 18, the phases difference allocated 
to the magnetic poles A to C are set to n, 3n and 2n with n = 
60°. Between the magnetic poles A and B, the rightward 
electromagnetic force dl is applied in accordance with the phase 
difference 2n, while the leftward electromagnetic force d2 is 
applied in accordance with the phase difference -n between the 
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magnetic poles B and C. In this case, the electromagnetic force 
of dl is greater than the electromagnetic force d2, since the 
phase difference 2n is greater than the phase difference -n. 
Therefore, in this example too, the rightward electromagnetic 
force and the leftward electromagnetic force are not equal to 
each other, so that the peak position of the vibration is shifted 
rightward. 

The excellent effect of the vibrating magnetic field in 
which the peak position is shifted according to the invention of 
the subject application is described, for example, in the third 
embodiment (the patterns A and B are the examples illustrated 
above, the pattern C is the shifting magnetic field, and the 
pattern D is the basic vibrating magnetic field) . Specifically, 
as apparent from Table 1 on page 48 of the present specification, 
the example of the present invention surpasses the shifting 
magnetic field and the basic vibrating magnetic field in that the 
example of the present invention prevents the entrainment of mold 
flux (i.e., it does not induce excessive macroscopic flow of a 
molten steel), and avoids the entrapment of air bubbles and 
inclusion in the slab (i.e., it applies a strong local stirring 
to the molten steel) . 
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EP 972591 describes the technique of reversing the direction 
of the electromagnetic force with time by using the shifting 
magnetic field, which is excellent in the stirring force compared 
to the conventional shifting magnetic field. However, 
applicants' presently claimed invention of the subject 
application, in which the electromagnetic forces of different 
directions are simultaneously applied, is more excellent in the 
stirring force, since it induces a complicated local flow to the 
molten steel. 

EP 972591 and US 6,117,389 do not disclose the vibrating 
magnetic field indicated in the invention of the subject 
application. 

Withdrawal of each of the rejections under 35 USC 103 is 
therefore respectfully requested. 

Claims 1 to 27 were rejected under 35 USC 102(f) for the 
reasons stated in item no. 8 at the top of page 5 of the Office 
Action, wherein it was alleged that the applicants did not invent 
the claimed subject matter. 

The Office Action referred to JP 2004-58092; JP 2003-103348 
and JP 2003-10349. 
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JP 2004-58092, JP 2003-103348 and JP 2003-103349 are all the 
inventions made by Yuji MIKI and Shuji TAKEUCHI. Accordingly, 
the invention of the subject application is not an invention made 
by others. 

This misunderstanding may have arose due to an error in the 
information given by the Japanese Patent Office that the first 
name of Mr. TAKEUCHI is written as "Hideji" in the above- 
mentioned documents. That is, the Japanese Patent Office 
identifies the name of the invention in Kanji, and the Japanese 
Patent Office does not generally require of the applicant correct 
information about its pronunciation (alphabetical notation) . 
Therefore, the English translation of the name of the inventor 
made by the Japanese Patent Office is not always correct. It is 
clear from the following that the name Hideji TAKEUCHI should be 
Shuji TAKEUCHI. 

The name of Mr. TAKEUCHI with Kanji notation is the same in 
JP 2004-58092, JP 2003-103348, JP 2003-103349 and PCT publication 
of the subject application, the front pages of all of which are 
attached. 

The first name of the inventor TAKEUCHI of the basic 
Japanese applications (Japanese Patent Application No. 2003- 
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108344 and Japanese Patent application No. 2003-117340) of the 
subject application was erroneously listed as Hideji TAKEUCHI by 
the Japanese Patent Office (the English abstract of which is 
attached) . The front page of these applications are also 
attached in order to indicate the same error with respect to the 
Kanji listing of Mr. TAKEUCHI' s first name. 

Applicants have informed the undersigned that the inventors 
of the present claims of the subject application are as follows: 

Claims (amended) 1 to 7, 10 to 19: Yuji MIKI and Shuji 
TAKEUCHI . 

Claims (amended) 8, 9, 20 to 27: Yuji MIKI, Shuji TAKEUCHI 
and Akira YAMAUCHI. 

The above-mentioned JP 2004-58092, JP 2003-103348 and JP 
2003-103349 do not describe the invention of applicants' claims 
(amended) 8, 9 and 20 to 27. Therefore, there is no 
inconsistency with respect to Akira YAMAUCHI being a listed 
inventor of the above-identified application. 

JP 2003-103348 and JP 2003-103349 describe a technique 
relating to a basic vibrating magnetic field. Therefore, the 
techniques disclosed in JP 2003-103348 and JP 2003-103349 are not 
the vibrating magnetic field in which the peak position is 
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shifted, and hence, they are different inventions from the 
invention of applicants' present claims. JP 2004-58092 
corresponds to the original claims 1 to 3 of the subject 
application. Japanese Patent Application No. 2003-108344 that is 
the basis of the priority corresponds to the original claims 4 to 
7, and the Japanese Patent Application No. 2003-117340 
corresponds to the original claims 8 and 9. 

Withdrawal of the 35 USC 102(f) rejection is thus 
respectfully requested. 

Applicants have informed the undersigned that the phase 
difference of the T 2 cycle in FIG. 24 and the phase differences 
of the T 2 and T 3 cycles in FIG. 25 contain erroneous numerical 
values (the amounts of change in the phase differences with time 
do not agree with each other between magnetic poles) . In view of 
the above, FIGS. 24 and 25 were amended to delete T 2 in FIG. 24 
and to delete T 2 and T 3 in FIG. 25. 

Reconsideration is requested. Allowance is solicited. 
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If the Examiner has any comments, questions, objections or 
recommendations, the Examiner is invited to telephone the 
undersigned at the telephone number given below for prompt 
action. 



Respectfully submitted, 



RICHARD S. BARTH 
REG . NO. 28,180 

FRISHAUF, HOLTZ , GOODMAN & CHICK, P.C. 
220 FIFTH AVENUE, 16th FLOOR 
NEW YORK, NEW YORK 10001-7708 
Tel. Nos. (212) 319-4900 

(212) 319-4551/Ext. 219 
Fax No. (212) 319-5101 
E-Mail Address: BARTH@FHGC-LAW.COM 
RSB/ddf 



Encs.: (1) PETITION FOR EXTENSION OF TIME 

(2) Marked up copy of applicants' FIG. 30 entitled 
"Reference draft" 

(3) Front pages of JP 2004-58092, JP 2003-103348, 
JP 2003-103349, WO 2004/091829, JP 2004-314096, 
JP 2004-322120 

(4) English-language abstracts of JP 2004-314096 and 
JP 2004-322120 

(5) English-language translations of the application 
data for JP 2004-314096 and JP 2004-322120 
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fsj of the mold. 
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(54) CONTINUOUS CASTING METHOD FOR STEEL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable the production 
of a metallic product of high quality by casting a slab 
reduced in surface defects and internal inclusions 
when performing continuous casting without blowing 
an inert gas from a nozzle feeding molten steel into a 
mold. 

SOLUTION: In the continuous casting method for 
steel, three or more electromagnets (28) are arranged 
in the long side direction of a mold 10 fed with molten 
steel in which the melting point of inclusions is made 
low, and magnetic fields generated on adjoining coils 
24 are substantially inverted, so that vibration 
electromagnetic fields in which phases are 
substantially inverted are acted on the molten steel to 
induce local fluidity by electromagnetic force. 
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(54) CONTINUOUS CASTING METHOD OF STEEL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture high 
quality metallic products by casting slabs having less 
surface defects and inner inclusions, in continuous 
casting without blowing inert gases from a nozzle for 
feeding molten steel to a casting mold. 
SOLUTION: Three or more electromagnets (28) are 
arranged in the major side direction of a casting mold 
10 and then, a magnetic field generated by adjacent 
coils 24 is essentially reversed. As a result, molten 
steel is actuated by a vibrating electromagnetic field in 
which a phase is essentially reversed. Also, a 
stationary magnetic field is superimposed in the 
thickness direction of the casting mold by a DC coil 
34. Thus, in performing continuous casting while 
fluidity is locally excited, the maximum Lorentz's force 
driven by the magnetic field is made not less than 
5,000 (N/m3) and not more than 13,000 (N/m3). 
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